Objectives: To evaluate the performance and the utility of using birthweight-adjusted scores of Dubowitz and Ballard methods of estimating gestational age in a Zimbabwean population. Method: The Dubowitz and the Ballard methods of estimating gestational age were administered to 364 African newborn infants with a known last menstrual period (LMP) at Harare Maternity Hospital. Results: Both methods were good predictors of gestational age useful in differentiating term from pre-term infants. recommend the use of our birthweight-adjusted maturity scales; the Dubowitz for studies of prematurity, and the Ballard for routine clinical practice. ᮊ
Introduction
Estimation of length of gestation is of critical importance in clinical practice to ensure appropriate management of newborns and to distinguish pre-term from term infants. Knowledge of gestational age assists in the identification of infants at .
E-mail address: sferesu@umich.edu (S.A. Feresu).
risk for morbidity and mortality related to their gestational age and nutritional status. Low birthweight, a common problem in developing countries w1x, is due to either short gestation or to being small or light-for-date w1x. Clinical problems encountered with short gestation (pre-term) are different from those experienced in small-for-date infants w1,2x. Pre-term infants whose birthweights match their gestational age are at risk of hyaline membrane disease and infection, while small-fordate babies, whether pre-term or term, are more liable to suffer from asyphxia and hypoglycemia during the course of labor and immediately postdelivery w3x. In addition, post-maturity problems may arise when mothers are not aware of the first day of their last menstrual period (LMP) and appropriate care is not provided to reduce common complications of post-maturity such as asphyxia or hypoglycemia at birth. Although LMP is commonly used to estimate gestational age, this approach is dependent on the mother knowing the first day of her last menstrual period. Globally, LMP date is uncertain or unknown in 20% of pregnant women w4x. In developed countries, women enroll early for prenatal care and advanced technological techniques such as ultrasound can be used to assist ascertainment of gestational age. In most developing countries, however, the majority of women are uncertain about LMP and are more likely to be late attendees for prenatal care w1,5x. Breastfeeding women might not have menstruated before the current pregnancy. Even if ultrasound were readily available, measurements taken late in pregnancy are less reliable in assessing gestational age w6,7x.
Alternative, less technologically oriented methods have been developed to assess gestational age based on the developmental status at birth. One method commonly used to estimate gestational age was designed by Dubowitz et al. (1970) w8x and found to be reliable in several African countries w2,3,9x. More rapid but equally accurate methods for assessing gestational age were subsequently developed by modifying the Dubowitz method w10-13x.
Before using these developmental assessment methods, it is important to norm the scale to the population in which it will be used. In Zimbabwe, an evaluation of the Dubowitz method of assessing gestational age was carried out by Singer et al. w3x , but more than two-thirds (70%) of their sample had not attended antenatal care and had unknown LMP. The gold standard for gestational age was based on information derived from the midwife asking the mother at birth the month of her last menstrual period, and whether she had menstruated at the beginning, middle or end of that month. More precise gestational age estimates from known LMP are necessary to validate this gestational age assessment method. The validity of the Ballard method has never been evaluated in a Zimbabwean population. This study aimed to validate the Dubowitz and Ballard methods in the Zimbabwean population and to evaluate the utility of incorporating birthweight into the maturity scale.
Methods
The study was conducted at the Harare Central Hospital Maternity Unit, the largest referral hospital in Zimbabwe between October and December 1999. Harare is composed of the central city and its surrounding suburbs. High-density suburbs are residential areas that in the pre-independence era were called African townships and were areas where all blacks irrespective of class or status resided. Today low to middle income blacks predominately live in these high-density suburbs. The Harare Maternity Hospital serves the black population living in these suburbs, and also serves as a referral center for both surrounding rural hospitals and rural health centers. This hospital was selected as a site for this study because it is the largest hospital in Zimbabwe, with more than 18 000 annual deliveries, and it is where Singer et al. w3x . conducted the original validation of the Dubowitz method.
Two research assistants, one a registered nurse and one with a high school equivalent education, were trained over a 1-week period in sample selection techniques, data extraction procedures and infant examination using both the Dubowitz et al. w8x and the revised Ballard et al. w10x methods of assessing gestational age. A pediatrician who used these methods at the hospital for clinical diagnosis of premature babies assisted in training the research team. Intra-observer and inter-observer variations were assessed to evaluate consistency of measurement and a Kappa statistic of 0.8 or better was required prior to beginning enrollment for the study.
To be eligible for this study, women had to have initiated (booked) antenatal care (prenatal care) before 28 weeks of gestation, had regular menstrual cycles, to be aware of their last menstrual period, had a singleton live birth, no medical problems during pregnancy, and not used birth control pills within 3 months prior to conception. Very ill babies, stillbirths, malformed babies and babies who died within 24 h after delivery were excluded because it would be difficult or impossible to administer a neurological assessment. We followed the postulates of Kramer et al. w7x that women booking early for antenatal care have the most accurate recall of LMP. Initially one of our criteria for entry into the study was first antenatal visit at 20-24 weeks, but because in Zimbabwe women generally book late for antenatal care w5,14x, we had to relax the criteria to include women who initiated by 28 weeks of gestation. Over a 6-week period we identified 434 births from a total of 1025 births at Harare Central Hospital Maternity Unit that were eligible for the study. Of the eligible women, six (1.4%) refused to participate, 30 (6.9%) left before they could be examined and 34 (7.8%) had missing medical records, leaving a total of 364 (83.9%) eligible women who agreed to participate in the study.
Within 2-56 h of delivery, both Dubowitz and Ballard scores were obtained on each eligible women's newborn infant. The majority of the infants (98.5%) were examined prior to 30 h postdelivery with 41 examined between 2 and 6 h post-delivery, four examined between 30 and 48 h and two examined more than 48 h post-delivery. Gestational age was first assessed using the Ballard method and then assessed using the Dubowitz method.
For the Dubowitz method, we evaluated each one of the 11 items used to assess physical maturity, and each of the 10 items used to assess neuromuscular maturity. The neurological and external (physical) criteria sub-scale scores range from 0 to 35 each, giving total possible scores ranging from 0 to 70 w8x. We used the revised version of the Ballard method w10,11x. A total of six items to assess the neuromuscular maturity scale, and six items assess the physical maturity. The range of possible sub-scale scores was y4 to 25 for the neurological criteria, and y8 to 25 for the external criteria, giving total possible scores of y12 to 50 w11x.
After completing the infant examination, we measured the mid-arm circumference of both mother and child, maternal weight and height. The LMP date, maternal weight and demographic information recorded at first antenatal care visit and infant birthweight recorded at birth were then abstracted from the medical chart. LMP was used to calculate gestational age and was presumed to be the gold standard for this evaluation. A preterm birth was defined as the birth of an infant at or after 20 weeks and before 37 completed weeks of gestational age.
The study was approved by the University of Michigan Institutional Review Board and the Medical Research Council of Zimbabwe and permission to conduct the study was obtained from the Ministry of Health in Zimbabwe, Harare Central Hospital and from the City Health Department.
Statistical analysis
Descriptive statistics including frequencies, means and standard deviations, were calculated. For each item of the Dubowitz or Ballard method, correlations with gestational age obtained from LMP were estimated, as were correlations with external and neurological sub-scales and total scores. LMP gestational age was plotted against the summary scores. Linear regression models were fitted for total neurological scores, total external criteria scores and total scores and the resultant equations were used to predict gestational age. For each method, we assessed whether prediction of gestational age differed by sex of infant, mother's age, residence, maternal level of education, maternal weight, height, mid-arm circumference, parity, birthweight, and infant's mid-arm circumference using multiple linear regression models. Additional models were then fitted adjusting for infant birthweight. The data were analyzed using SAS version 6.12 and 8.1.
The error of prediction was calculated for the sub-scale and total scores. The beta coefficient estimate from our regression analysis was compared against both the beta coefficient obtained by Dubowitz et al. w8x and that obtained by Singer et al. w3x using a t-test. In these calculations, we assumed the value of the coefficient standard error for the two previous Dubowitz studies in Sheffield w8x and Zimbabwe w3x to be equal to that from To assess which method fared better in the Zimbabwean sample, we compared the correlation coefficients using the individual and total scores, the standard errors of prediction and the time, ease and practicality of performing each procedure. Finally, we used our regression equations to develop new charts for use in the Zimbabwean population. Since birthweight significantly improved the model fit, we calculated birthweight-sensitive maturity scales.
Results
In this study population of 364 deliveries, the mother's ages ranged from 14 to 44 years with a mean age of 24.5 years. Three-quarters of the mothers (75.5%) resided in urban high-density suburbs and very few (14.3%) came from rural areas. Most women (83.7%) had more than primary education. Parity ranged from 0 to 10 with half of the mothers having their first child. Approximately 22.5% of babies were low birthweight, and 23.9% were pre-term births.
Mothers weighed between 45 and 98 kg with a mean of 63.7 (S.D. 9.9) at first antenatal care visit and between 45 and 103 g with a mean of 63.2 (S.D. 10.4) after delivery. Weight at first antenatal care did not differ from weight after delivery Fig. 1 . Distribution of Dubowitz total scores against last menstrual period gestational age in 364 newborn infants at Harare, October to December 1999; includes 95% confidence intervals.
(paired t-test Ps0.4157). The mean height was 158.2 centimeters (S.D. 5.9). Women first attended antenatal care between 10.1 and 28 weeks (mean 22.5"4.2 weeks). Fundal height measurement at first antenatal care visit ranged between 10 and 28 weeks (mean 22.4"4.2 weeks). At birth, the mean gestational age estimated from LMP was 38.5 (S.D. 3.1), and by the physicianymidwife was 38.0 (S.D. 2.8). Table 1 presents the distribution of gestational age estimated from last menstrual period, and the mean birth weights for each stratum. The overall mean birthweight was 2899.2 g (S.D. 600.8). The mean time taken to conduct a Dubowitz examination was 6.4 min (ranges2-12 min), and a Ballard test was 4.7 min (ranges2-7 min). The mean time difference of 1.7 min between the methods was statistically significant (t-test Ps 0.0001).
Dubowitz method
Overall the Dubowitz scores were strongly correlated with LMP gestational age, with the Pearson correlation coefficient for the neurological criteria being 0.79, physical criteria 0.77 and total scores 0.81. Most individual criteria yielded correlation coefficients above 0.5 except for edema (rs0.22), skin opacity (rs0.35), skin color (rs0.45) and leg recoil (rs0.47) (Appendix A). Table 2 presents the regression equations for the Dubowitz scores as predictors of gestational age using LMP. Although the neurological and physical criteria for both methods performed well in predicting LMP gestational age, total scores explained more of the variance and had a smaller standard error of prediction of a single score (1.82 weeks). Fig. 1 depicts the distribution of gestational age calculated from LMP by the total score and the maturity cut points for term vs. pre-term births. Few babies lie outside the 95% prediction intervals. Table 3 compares the performances of our Dubowitz results with those of the original paper and of other African studies. Although our Dubowitz measures have a somewhat lower correlation with LMP gestational age compared with the original Dubowitz study, they have a higher correlation than that observed in the Nigerian study.w9x Also, our equation is closer to the original Dubowitz equation than was Singer et al. w3x. Fig. 2 compares the original Dubowitz et al. w8x to the Singer et al. w3x. and our regression lines. Our regression line is close to the original Dubowitz below 37 weeks and overestimates gestational age in older babies. The Singer et al. w3x regression line overestimates gestational age up to 42 weeks. Thus, we predict gestational age well for those ages that are important clinically and babies were more frequent. The beta coefficients from these three studies differed significantly from each other using our formula for hypothesis testing (zs2.37, P-0.01 for Dubowitz et al. w8x and our study; and zs4.82, P-0.0001 for Singer et al. and our Prediction of LMP gestational age did not differ by sex of infant, mother's age, residence, level of education, weight, height, mid-arm circumference, parity and infant's mid-arm circumference. Only birthweight significantly affected prediction of LMP gestational age (P-0.0001). 
Ballard method
The Ballard sub-scale scores were also highly correlated with LMP gestational age, although the correlations were slightly lower than for the Dubowitz method, being 0.74 for neurological criteria, 0.75 for physical criteria and 0.80 for total scores. Individual criteria correlations were also high, except for breast (rs0.30) and heel to ear (rs0.42) (Appendix B). Table 2 presents the regression equations for the Ballard scores as predictors of gestational age using LMP. Although the neurological and physical criteria performed well in predicting LMP gestational age, total scores again explained more of the variance. The total scores had the smallest standard error of prediction for a single score (1.89 weeks), though the error is slightly higher than 1.82 weeks for the Dubowitz method. Fig. 3 depicts the distribution of gestational age calculated from LMP by the total scores and the cut-offs for term vs. pre-term births. As with the Dubowitz, few babies lie outside the 95% prediction intervals. Table 3 compares the performances of the Ballard results with those of previous Ballard studies. Our Ballard measure has a relatively lower correlation with LMP gestational age but it compares well with our Dubowitz correlation.
The prediction of LMP gestational age by the Ballard method did not differ by sex of infant, mother's age, residence, level of education, weight, height, mid-arm circumference, parity or infant's mid-arm circumference. Only birthweight significantly affected prediction of LMP gestational age (P-0.0001). The final model equation was Y s24.002q0.292*scoreq LMP gestational age ( ) 0.0016*g and explained 67% of the variance. We recalculated the maturity scale, taking into account Fig. 3 . Distribution of Ballard total scores against last menstrual period gestational age in 364 newborn infants at Harare; October to December 1999; includes 95% confidence intervals.
birthweight, and created a birthweight-sensitive Ballard maturity scale for the Zimbabwean population (Table 5) .
Discussion
This study evaluated the performance of the Dubowitz and Ballard methods of assessing gestational age in a Zimbabwean population. With a fair degree of accuracy, both methods can reliably be used to differentiate term from pre-term babies in this population. Both methods were comparable in performance with the original methods in previous studies w8,10,11x. When comparing the two approaches, the Dubowitz method was a relatively better predictor of LMP gestational age, while the Ballard method took less time, and was easier to administer. Birthweight improved estimation of gestational age for both methods.
Our calculated Dubowitz regression line is comparable with that originally presented by Dubowitz et al. w8x and is relatively better than that calculated Calculated using formula LMP GAs24.q 0.4 total scores adopted from the Ballard chart (1991). is that their sample consisted mostly of mothers who had an unknown LMP. We included only those mothers who had attended prenatal care early and who had known LMP. We also applied stringent inclusion criteria as outlined by other studies w15x. It is therefore not surprising that our regression line is closer to that in the original Dubowitz study. Our slightly lower correlation coefficient could be attributed to factors such as late entry into prenatal care and inability to verify LMP with ultrasound in our population. Our Ballard results also compared favorably with the previous Ballard w10,11x and Dubowitz studies w2,3,8,9x. Given its better performance in the regression models, the Dubowitz method is perhaps more appropriate for use in research studies of prematurity, which demand more precise estimates, while given its relative ease of administration, the Ballard method could be an important tool in routine clinical practice. For both methods, the standard error of prediction for one single observation was higher than the error reported by the original Dubowitz w8x study, but relatively lower than that reported in Zambia w2x and elsewhere w3,9x. It should be noted that the error of prediction in all these studies is more than one week. Controversy and criticisms of the use of the Dubowitz method to assess gestational age has hinged on the problem of measurement error, especially in very pre-term babies below 34 weeks. The methods tend to overestimate gestational age generally, but especially for pre-term infants w15-17x. As the ability to detect prematurity is a primary reason for doing gestational age assessment, the overestimation of gestational age in pre-term infants is a major concern. We incorporated information on birth weight in an effort to reduce this error.
Our study found that low birthweight (LBW) significantly decreased prediction of LMP gestational age. Previous studies w10,16,17x have reported that gestational age tends to be overestimated in LBW births, especially for the neurological assessment. Neurological development is accelerated by a high-risk chronically stressed pregnancy such as those complicated by hypertension, preeclampsia or chronic fetal malnutrition. Our study excluded infants from mothers who had medical complications. Some authors w16,17x argue that the prevalence of accelerated neurological maturity may not be sufficient to bias the neurological criteria score. However, within a sample with a high proportion of low birthweight births, this acceleration is likely to be more influential.
Assessing skin color of the African newborn is problematic, especially more than 48 h post delivery. In this study, 98.5% of babies were examined by 30 h post delivery. Other studies have performed examinations at 72 h w18x, 96 h w10,11,15x and up to 5 days w8x post-delivery. Nonetheless, we believe these methods are applicable to the African newborn, because prediction of gestational age using these methods has not been shown to differ by racial group w15,16x. The key limitation of our study was the practical constraint arising from late entry into prenatal care.
In conclusion, developmental methods for assessment of gestational age, perform well in the Zimbabwean population. Introduction of birthweight into the maturity scale improves assessment of gestational age and corrects for errors caused by low birthweight. We recommend use of our modified birthweight-sensitive Dubowitz assessment for studies of prematurity, and of the modified birthweight-sensitive Ballard method for routine clinical practice. The need remains to evaluate effects of maternal diseases in pregnancy including diabetes, hypertension, anemia, malaria and HIV infection, and of infant morbidity including congenital anomalies and respiratory distress syndrome, on gestational age assessment scores. 
